A bibliographic database of scientific papers published by authors affiliated worldwide, especially focused in Europe and in the European Atlantic Area, and containing the keywords "microalga(e)" or "phytoplankton" was built. A corpus of 79,020 publications was obtained and analyzed using the Orbit Intellixir software to highlight the evolution of the research domain. Publication rates from 1960 to 2019, organization of the research, collaboration networks between countries and organizations, emerging and fading research concepts, major studied species, and associated concepts, as well as journals publishing microalgae research were considered. As a result, of the 79,020 papers published worldwide, 26,137 included authors from Europe (33% of world production) and 6989 from the European Atlantic Area (AA) (27% of European production, 9% of world production). The main worldwide scientific research topics found in this study were phytoplankton, community, bloom, diatoms, distribution, ecosystem, coastal, chlorophyll, zooplankton, photosynthesis, and primary production. At the European scale, the most studied topics were related to the environment, food, chemicals, pigments, protein, feed, and drugs. The highest scientific trends and market opportunities analysis identified bioplastics and biostimulants as top emerging concepts at the European level and agricultural, animal feed, and blue biotechnology at the European AA level.
Results

Overview of Microalgae Research in the World
Bibliometric Production
presents the number of scientific papers published about microalga(e) and phytoplankton at the world, European, and European AA levels since the 1960s. A total of 79,020 papers were published, from which 26,137 included authors from Europe (33% of world production) and 6989 from the European AA (27% of the European production, 9% of the world production) ( Table 1 ). Figure 1 . Evolution of the number of scientific papers published about microalgae and phytoplankton at the world, European, and European Atlatic Area (AA) level and contribution of the AA and Europe to world production.
In 2018, the scientific production reached 5747 publications per year in the world, 1806 (31% of the world production) publications per year in Europe, and 509 (28% of the European production) publications per year in the AA. From the results explained above, it can be noted that Europe and the European AA follow roughly the same publication trend as the world trend. An increased interest of the scientific community in microalgae can be noticed since 2005, as demonstrated by the rapid increase in the world and European publication rates and the important inflection of the publication slope, as highlighted by Garrido-Cardenas et al. (2018) . These authors estimated that a 15-fold acceleration of the publication rate was observed after 2005 [4] . In our data including environmental studies about microalgae and phytoplankton, this acceleration was lower, suggesting that the fast acceleration of publication rates may be mostly attributed to publications dealing with biotechnological applications of microalgae. This fast acceleration after 2005 could be due to the irruption of the use of microalgae as raw materia for the production of biodiesel [5] . Chisti's paper [5] is one of the most cited papers in the microalgae field, with nearly 5000 citations so far. Concerning the scientific production of the European AA, a linear evolution of the number of publications can be observed from 1990 to 2018, with a slope coefficient of 0.96, suggesting that the scientific production does not follow the European and world publication production trends. This observation suggests that European countries and regions located outside the European AA contributed more to the European publication rate increase (Figure 1) . Table 1 details the number of authors, affiliations, and In 2018, the scientific production reached 5747 publications per year in the world, 1806 (31% of the world production) publications per year in Europe, and 509 (28% of the European production) publications per year in the AA. From the results explained above, it can be noted that Europe and the European AA follow roughly the same publication trend as the world trend. An increased interest of the scientific community in microalgae can be noticed since 2005, as demonstrated by the rapid increase in the world and European publication rates and the important inflection of the publication slope, as highlighted by Garrido-Cardenas et al. (2018) . These authors estimated that a 15-fold acceleration of the publication rate was observed after 2005 [4] . In our data including environmental studies about microalgae and phytoplankton, this acceleration was lower, suggesting that the fast acceleration of publication rates may be mostly attributed to publications dealing with biotechnological applications of microalgae. This fast acceleration after 2005 could be due to the irruption of the use of microalgae Mar. Drugs 2020, 18 , 79 3 of 28 as raw materia for the production of biodiesel [5] . Chisti's paper [5] is one of the most cited papers in the microalgae field, with nearly 5000 citations so far. Concerning the scientific production of the European AA, a linear evolution of the number of publications can be observed from 1990 to 2018, with a slope coefficient of 0.96, suggesting that the scientific production does not follow the European and world publication production trends. This observation suggests that European countries and regions located outside the European AA contributed more to the European publication rate increase (Figure 1) . Table 1 details the number of authors, affiliations, and concepts listed in the three databases. Europe occupies an important place in the world scientific production, as 33% of total publications were written by authors containing at least one European co-author. A total of 42% of the total world authors or co-authors were European, and these authors represented 54% of the world affiliations. In the same way, by comparing the scientific output of the AA with Europe, a large part of AA institutes/affiliations contributed to the European production of publications: 27% of the total European scientific publications were written by a list of authors containing at least one AA author or co-author, 37% of the total European authors or co-authors came from the AA, and these authors represented 69% of the European affiliations. concepts listed in the three databases. Europe occupies an important place in the world scientific production, as 33% of total publications were written by authors containing at least one European coauthor. A total of 42% of the total world authors or co-authors were European, and these authors represented 54% of the world affiliations. In the same way, by comparing the scientific output of the AA with Europe, a large part of AA institutes/affiliations contributed to the European production of publications: 27% of the total European scientific publications were written by a list of authors containing at least one AA author or co-author, 37% of the total European authors or co-authors came from the AA, and these authors represented 69% of the European affiliations. Concerning European countries, the United Kingdom, France, Germany, Spain, and Italy were the main European countries producing scientific publications in the field of microalgae worldwide, with 5818, 5448, 5248, 4106, and 2925 publications, respectively. The five countries of the European AA (Spain, Portugal, France, United Kingdom, and Ireland) were among the seven that published the most with co-authors in the AA. In this top seven, the U.S. and Germany published 836 and 494 scientific publications, respectively, with co-authors from the European AA. Figure 3 presents the main common concepts appearing in scientific publications at the world, European. and European AA levels. Overall, research concepts were the same at these three levels and correspond to environmental concepts such as phytoplankton, community, bloom, diatoms, distribution, ecosystem, coastal, chlorophyll, zooplankton, photosynthesis, and primary production. This Concerning European countries, the United Kingdom, France, Germany, Spain, and Italy were the main European countries producing scientific publications in the field of microalgae worldwide, with 5818, 5448, 5248, 4106, and 2925 publications, respectively. The five countries of the European AA (Spain, Portugal, France, United Kingdom, and Ireland) were among the seven that published the most with co-authors in the AA. In this top seven, the U.S. and Germany published 836 and 494 scientific publications, respectively, with co-authors from the European AA. Figure 3 presents the main common concepts appearing in scientific publications at the world, European. and European AA levels. Overall, research concepts were the same at these three levels and correspond to environmental concepts such as phytoplankton, community, bloom, diatoms, distribution, ecosystem, coastal, chlorophyll, zooplankton, photosynthesis, and primary production. This environment/phytoplankton research domain can be differentiated from the microalgae/highadded-value molecules field that contained less and more recent publications, as previously reported [4] .
International Collaborations with Europe and the European AA
Main Research Concepts
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Figure 3.
A total of 150 main common concepts of microalgae scientific publications in the world, the European, and the AA databases. The most prevalent concepts are identified in red and orange. Table 2 shows the list of emerging concepts that have shown the highest growth factor over the 2017-2019 period. These concepts represent scientific trends and opportunities at the world, European, and AA levels. Feed was the predominant emerging concept for the three geographical areas, with a very high growth factors (GF) compared to the rest of the emerging concepts ( Table 2) . Concepts in the field of biotechnology/high-added-value molecules were more prominent compared to concepts in the environmental/phytoplankton field. Interestingly, the emerging concepts of worldwide scientific publications covered the current societal and environmental issues of society, such as organic, ecology, drugs, contamination, nutraceuticals, by-products, and genetic data, as well as green extraction techniques. Table 2 also demonstrates a research interest for green and large scale treatment and harvest systems for microalgae, which represent a major challenge for the industrial development of microalgae through mechanical pre-treatment or biosurfactant emerging concepts appearing in publications worldwide. Another scientific emerging concept is related to large-scale culture contamination. Research on the genetic data of microalgae and metabolic pathways also emerged several years ago with concepts such as Crispr/cas9, recombinant enzyme, transcription factor Nrf2, omics, and genome editing in the world and European scientific publications. Furthermore, the table also highlights the emerging microalgae markets such as bioplastics and biostimulants in European Table 2 shows the list of emerging concepts that have shown the highest growth factor over the 2017-2019 period. These concepts represent scientific trends and opportunities at the world, European, and AA levels. Feed was the predominant emerging concept for the three geographical areas, with a very high growth factors (GF) compared to the rest of the emerging concepts ( Table 2 ). Concepts in the field of biotechnology/high-added-value molecules were more prominent compared to concepts in the environmental/phytoplankton field. Interestingly, the emerging concepts of worldwide scientific publications covered the current societal and environmental issues of society, such as organic, ecology, drugs, contamination, nutraceuticals, by-products, and genetic data, as well as green extraction techniques. Table 2 also demonstrates a research interest for green and large scale treatment and harvest systems for microalgae, which represent a major challenge for the industrial development of microalgae through mechanical pre-treatment or biosurfactant emerging concepts appearing in publications worldwide. Another scientific emerging concept is related to large-scale culture contamination. Research on the genetic data of microalgae and metabolic pathways also emerged several years ago with concepts such as Crispr/cas9, recombinant enzyme, transcription factor Nrf2, omics, and genome editing in the world and European scientific publications. Furthermore, the table also highlights the emerging microalgae markets such as bioplastics and biostimulants in European scientific publications. Table 2 also shows some concepts specific to the AA that have emerged over the two last years and deal with the field of animal agriculture. These include new antibiotics and nutraceuticals for animals through the emerging concepts of bovine, cattle, and veterinary medicine. The interest of the European AA in the blue economy is also highlighted by the concepts of circular economy and blue biotechnology. The European AA is wellknown for its agricultural activities, and microalgae-based technologies will certainly play a key positive role in the near future as bioremediation environmental services tools related to these two concepts (circular economy and blue technology) [6] .
Emerging Research Concepts
Focus on the European Scientific Production
The 28 countries of the European Union produced 26,137 publications in the field of microalgae and phytoplankton; these papers are analyzed in detail in this section. Mar. Drugs 2019, 18, 79 5 of 33 scientific publications. Table 2 also shows some concepts specific to the AA that have emerged over the two last years and deal with the field of animal agriculture. These include new antibiotics and nutraceuticals for animals through the emerging concepts of bovine, cattle, and veterinary medicine. The interest of the European AA in the blue economy is also highlighted by the concepts of circular economy and blue biotechnology. The European AA is wellknown for its agricultural activities, and microalgae-based technologies will certainly play a key positive role in the near future as bioremediation environmental services tools related to these two concepts (circular economy and blue technology) [6] .
Collaboration Networks
Focus on the European Scientific Production
The 28 countries of the European Union produced 26,137 publications in the field of microalgae and phytoplankton; these papers are analyzed in detail in this section. Figure 5 shows the collaboration networks existing between European cities involved in scientific publications produced in the European Union in the field of microalgae and phytoplankton. These networks highlight national and regional geographic clusters such as those of Wageningen, Lisboa, Helsinki, or Vigo. This figure also provides an overview of strong collaborations in Europe In addition, between 400 and 600 scientific publications have been published by Greece (556), the Czech Republic (555), Austria (484), and Ireland (416). The production of scientific publications was lower for Switzerland (348), Croatia (343), Hungary (338), and Estonia (319). Figure 5 shows the collaboration networks existing between European cities involved in scientific publications produced in the European Union in the field of microalgae and phytoplankton. These networks highlight national and regional geographic clusters such as those of Wageningen, Lisboa, Helsinki, or Vigo. This figure also provides an overview of strong collaborations in Europe and highlights the lack of collaboration between some cities, suggesting potential opportunities for new collaborations. Figure 6 shows the number of scientific publications by research area in Europe. The main research topic in Europe is the environment, with 8962 publications, dominating the domains related to food and chemicals that contain 4275 and 4271 publications, respectively. These keywords cover very broad topics and more specific markets have fewer publications (less than 2000 publications). For example, many publications have been produced in Europe in the field of pigments (1861), proteins (1847), feed (1818), drug (1474), biofuel (1014), and biotechnologies (892). Figure 6 shows the most recent niche markets such as biostimulant (13), bioplastic (14), vaccines (16), biofertilizers (22) , and nanotechnology (59). Table 3 shows the main journals publishing European papers in the field of microalgae. Hydrobiologia was the top publisher in Europe, with 1162 publications and an impact factor of 2.165. The majority of these journals relate to environmental/phytoplankton research and have impact factors ranging from 1.897 to 4.61 for an average of 2.69. The main journals related to the microalgae/high-added value molecules field are Bioresource Technology and Algal Research, with impact factors of 5.807 and 3.745, respectively. Table 4 . These concepts highlight the recent applications and research in the last two years, as well as the growth factors of these concepts. For example, in the 1336 publications of Chlorella sp., the top emerging concepts were biostimulant and agro industrial waste (Table 4 ). to food and chemicals that contain 4275 and 4271 publications, respectively. These keywords cover very broad topics and more specific markets have fewer publications (less than 2000 publications). For example, many publications have been produced in Europe in the field of pigments (1861), proteins (1847), feed (1818), drug (1474), biofuel (1014), and biotechnologies (892). Figure 6 shows the most recent niche markets such as biostimulant (13), bioplastic (14) , vaccines (16) , biofertilizers (22) , and nanotechnology (59). It should be noted that most microalgae species studied in research labs and their extracts are not authorized for commercialization to consumers by European or foreign regulations. These logically include toxic dinoflagellates and toxic diatoms, but also the vast majority of microalgae and cyanobacteria species whose safety for humans has not been assessed yet. Additionally, specific national or international regulations limit the number of species authorized for some applications (e.g., cosmetics in China-personal communication of the President of the European Algae Biomass Association-or Generally Recognized As Safe (GRAS) species).
Collaboration Networks
Main Domains of Application
Main Publishing Journals
Top 15 Studied Microalgae Genus in Europe
Main Publishing Journals
Focus on the Top 15 Studied Genera in Europe
Following the identification of the top 15 microalgae genera studied in Europe, a detailed study of associated and emerging concepts, scientific consortia working on these genera in Europe, research cities, temporal evolution of publications by country, top journals, citations, and top cited papers was performed. The results of this advanced analysis are presented below for Chlorella sp. in Figure 8 and equivalent figures for the 14 remaining genera are presented in the Supplementary Materials section in Figures S1-S14. i.
Emerging concepts GF
Springer nature 23
Springer verlag GmbH 10
Springer verlag GmbH Germany 10
Informa U.K. 9
Informa U.K. limit 9
Springer nature b 9
Trad 9
U.K. 9
Biostimulant 5
Ag 4
Agro industrial waste 4
Continuous system 4
Insoluble protein 4
Protein fraction 4
Proximate 4
Soy 4
Air supply 3 k.
Title of Publications Citations Date
Life-cycle assessment of biodiesel production from microalgae 858 2009 Microalgae as a raw material for biofuels production 727 2009 Effect of temperature and nitrogen concentration on the growth and lipid content of Nannochloropsis oculata and Chlorella vulgaris for biodiesel production 
Potential of the European Atlantic Area
The EnhanceMicroalgae project is a transnational and inter-regional Atlantic project that aims to evaluate the potential of the European AA in the microalgae industrial sector [7] (https://www. enhancemicroalgae.eu/). To compare on a global scale, 9% of world publications came from the AA, 15% of world authors were from the AA, and 37% of affiliations working in the field of microalgae were located in the AA. In this section, the AA was compared with Europe for (i) the main concepts and topics of scientific publications, (ii) the national contribution to publications, (iii) the networks of collaborations by city and country, as well as (iv) the main journals and citations in the field of microalgae.
Research Concepts
The AA database contains 6989 scientific publications with an increasing annual production that reached 509 publications in 2018. The main fields of research were analyzed in this section and compared with the overall European research. Figure 6 shows the number of scientific publications by research field within Europe. By comparing these research fields to those of the AA, Figure 9 highlights differences in the number of publications dealing with biofuels, health, cosmetics, agriculture, and highlights the most published research (on the left of the chart) and the least published (on the right of the chart) in the AA compared to the European research fields. The AA researchers were more interested in research topics such as biofuel (+55 publications), drug (+54), health (+44), and bioremediation (+31). In contrast, research topics such as environment (-58), biogas (-30), protein (-29), and chemicals (-26) were less published in the AA as compared to the European average. Other research fields ranging from +10 to -10 are in line with European research priorities (Figure 9 ). The concepts network in the AA publications highlights the dominant regional scientific axes that group in thematic research clusters ( Figure 10 
Emerging Concepts Related to High Added-Value Microalgae Molecules in the Atlantic Area
This last section shows the results of a focused bibliometric analysis on scientific publications produced during the last 3 years in the European AA, excluding publications related to the environment/phytoplankton field. A total of 3393 papers were published between 2017 and 2019, and 1882 deal with microalgae high added-value molecules. Among these publications, 637 were published in 2017, 1005 in 2018, and 232 until February 2019. The two journals dominating this topic at the AA level (as well as at the European level) are Algal Research with 151 publications and Bioresource Technology with 87 publications. From a geographical point of view, analysis of the countries and cities producing these recent publications reveals that many of them are located outside the European AA and therefore published with co-authors from the European AA. The four major publishing countries, with more than 300 publications, were Spain (374), Italy (325), Germany (322), and France (310), followed by Portugal, the Netherlands, the U.S., Belgium, and the United Kingdom that have published each between 100 and 150 publications on microalgae high added-value molecules since 2017. The major AA cities working in this field are Wageningen, Paris, Rome, Lisbon, Barcelona, Almeria, and Nantes with 85, 66, 64, 63, 58, 57, and 50 publications including at least one co-author in the AA, respectively. As shown in Figure 11 , the main concepts emerging from this AA database are microalgae/biomass/growth/cell/concentration. By dismissing these ubiquitous concepts, a network of 18 clusters was created in which model, treatment, acid, lipid, chemical, energy, nutrient, cultivation, green and carbon were the dominant concepts ( Figure 11 ). 
National Contribution to the AA Publications
Regardless of their size, the contribution of each country for publications in the AA, namely, Ireland, the United Kingdom, France, Spain, and Portugal, was compared in this section. The United Kingdom mainly contributed to these publications, as the United Kingdom affiliations were identified in 33% of the publications compared to 25% and 24% for France and Spain, respectively. Portugal produced 15% of the scientific publications in the European Area and Ireland was associated with 5% of the publications (Figure 12 ). 
International Partnership with the European Atlantic Area
The international scientific collaborations of the European AA were analyzed in this section in order to highlight strong collaborations but also to identify collaborations that could be developed for a better sharing of research at geographical and thematic levels. Figure 13 and Table 5 show the world collaborators associated to scientific publications of the European AA. Beyond a strong national network for the United Kingdom, France, Spain, and Portugal with 2484, 1961, 1855, and 1164 publications, respectively, the AA published numerous publications with the U.S. (836), Germany (494), Canada (275), Netherlands (252), Italy (242), Australia (231), and Norway (230). The AA has also developed contacts with most other European countries, but these networks have a low scientific productivity, with only 1 to 10 joint papers. 
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International Partnership with the European Atlantic Area
The international scientific collaborations of the European AA were analyzed in this section in order to highlight strong collaborations but also to identify collaborations that could be developed for a better sharing of research at geographical and thematic levels. Figure 13 and Table 5 show the world collaborators associated to scientific publications of the European AA. Beyond a strong national network for the United Kingdom, France, Spain, and Portugal with 2484, 1961, 1855, and 1164 publications, respectively, the AA published numerous publications with the U.S. (836), Germany (494), Canada (275), Netherlands (252), Italy (242), Australia (231), and Norway (230). The AA has also developed contacts with most other European countries, but these networks have a low scientific productivity, with only 1 to 10 joint papers. Figure 14 and Table 6 show the main AA cities identified as scientific collaborators in the microalgae European AA publications. With 707 publications, Southampton is the city with the highest number of publications in the AA, followed by Vigo, Plouzané, Lisbon, Brest, Nantes, and Plymouth as the most productive AA cities, with more than 500 publications each. Paris is the first city outside the AA to publish the most publications with AA co-authors (375 publications). The network of all these collaborations is shown in Figure 15 . Figure 14 and Table 6 show the main AA cities identified as scientific collaborators in the microalgae European AA publications. With 707 publications, Southampton is the city with the highest number of publications in the AA, followed by Vigo, Plouzané, Lisbon, Brest, Nantes, and Plymouth as the most productive AA cities, with more than 500 publications each. Paris is the first city outside the AA to publish the most publications with AA co-authors (375 publications). The network of all these collaborations is shown in Figure 15 . 
Journals
This section highlights the main journals and citations from AA publications ( Table 7 ). The main journals in which AA authors publish are Marine Ecology Progress Series, Estuarine Coastal and Shelf Science, and Journal of Plankton Research with 263, 209, and 193 publications, respectively. As observed in the European database, the journals publishing the highest number of microalgae AA studies are related to environmental/phytoplankton research. The main journals publishing papers related to microalgae/high-added value molecules are Bioresource Technology and Algal Research-Biomass Biofuels and Bioproducts, with impact factors of 5.8 and 3.7, respectively, and Progress in Oceanography (IF 4.27). Despite the dominance of environmental science journals, the two scientific publications with the highest citations in the AA deal with the production of high-added value molecules from microalgae and are entitled "Microalgae for biodiesel production and other applications: A review" and "Biofuels from microalgae-A review of technologies for production, processing and extractions of biofuels and co-products". These papers were published in 2010 and cited 2610 times and 2124 times, respectively (Table 8 ). Table 8 . Main microalgae publications cited in the AA.
Title of Publications Citations Reference
Microalgae for biodiesel production and other applications: A review 2610 [8] Biofuels from microalgae-A review of technologies for production, processing, and extractions of biofuels and co-products 2124 [9] Microbial carbonates: The geological record of calcified bacterial-algal mats and biofilms 847 [10] Comparative toxicity of nanoparticulate ZnO, bulk ZnO, and ZnCl2 to a freshwater microalga (Pseudokirchneriella subcapitata): The importance of particle solubility 829 [11] The relative influences of nitrogen and phosphorus on oceanic primary production 827 [12] Mesoscale iron enrichment experiments 1993-2005: Synthesis and future directions 787 [13] The potential of sustainable algal biofuel production using wastewater resources 737 [14] Microalgae as a raw material for biofuels production 727 [15] Oceanic 18S rDNA sequences from picoplankton reveal unsuspected eukaryotic diversity 643 [16] Increase in Chlorella strains calorific values when grown in low nitrogen medium 623 [17] Microalgae as biodiesel & biomass feedstocks: Review & analysis of the biochemistry, energetics & economics 615 [18] Lake responses to reduced nutrient loading -An analysis of contemporary long-term data from 35 case studies 615 [19] Separation of chlorophylls and carotenoids from marine phytoplankton: A new HPLC method using a reversed phase C8 column and pyridine-containing mobile phases 555 [20] Processes and patterns of oceanic nutrient limitation 530 [21] North Pacific Gyre Oscillation links ocean climate and ecosystem change 527 [22] 2.3.6. Main Species Studied in the AA Figure 16 shows the number of scientific publications by microalgae genus in the European AA. This figure can be compared with Figure 7 that shows comparable data at the European level. The most published and studied genus in the AA, as well as in the European database, was Chlorella genus, with 835 publications. This high citation index can be explained because it is a well-known GRAS alga, and this species has been commercialized worldwide since decades ago. Isochrysis sp. was the second most studied, with 233 total publications, whereas it ranked seventh at the European level. This difference may be explained by highest investments of the AA for aquaculture-related research and feeding of bivalve larvae, because of its proximity to the Atlantic coast. Chlamydomonas reinhardtii, Phaeodactylum tricornutum, Nannochloropsis oculata, Dunaliella salina, and Tetraselmis suecica species were also widely studied in the AA, with about 150 scientific papers for each published until February 2019. The majority of scientific studies on Scenedesmus sp. were published from Spain (particularly from Almeria), Germany, Italy, and the Netherlands (particularly from Wageningen).
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Materials and Methods
Building the Bibliographic Database
A bibliographic database was built through a literature search performed in February 2019 including all reports published to date. The use of the Scopus database was compulsory to obtain a format compatible with the bibliometric analysis using the Orbit Intellixir software. The keywords "microalgae" and "phytoplankton" were used to list world publications, European publications (including authors from Austria, Belgium, Bulgaria, Cyprus, Croatia, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, and the United Kingdom), and European publications including at at least one author from the Atlantic regions of Portugal, Spain, France, the United Kingdom, and Ireland, as defined in the interregional (Interreg) AA research programs ( Figure 17 ). The keywords "microalga(e)" and "phytoplankton" were both selected to include environmental/ecophysiological studies as well as research and development projects dedicated to biotechnological applications for bioremediation, energy, feed, food, cosmetics, and pharma, among others. We did not exclude publications dealing with cyanobacteria, considering that the research domains for these prokaryotic organisms were similar to those of microalgae. 
Bibliometric Analysis: Data Extraction, Analysis, and Graphical Formatting
The bibliographic database was last updated in February 2019 and it contained 79,020 publications, 111,975 authors, 4446 affiliations, and 931,299 concepts. These references are available on demand to the corresponding author.
A "concept" designates a word (or group of words) present in the title, summary, or keywords of a publication that can be extracted and identified using a bibliometric software. The occurrence of a concept is the number of documents containing this concept, and co-occurrence the number of documents linking several concepts. The bibliographic database, including references without duplicates, was imported from Scopus (Editor Elsevier) into the Orbit Intellixir bibliometric software and analyzed to quantify the scientific production per year, country, organization, and annual evolution of publication rates. Collaboration networks between countries; public and/or private organizations; as well as major, fading, and emerging research concepts, were graphically represented using the most relevant formats available in the Orbit Intellixir software. Data were analyzed to highlight the latest trends in research topics; identify the most explored research concepts; point out the most studied species; and highlight strengths, opportunities, and collaborations in the research organizations from the European AA. Emerging concepts were defined as concepts that showed the greatest increase in frequency of use in the database over the last 2 years. A manual selection of emerging concepts was performed, as some of them were relevant for our study (e.g., name of molecules, application domains), whereas others were less (publisher name, etc.). A growth factor (GF) was calculated to highlight the concepts with the highest emergence over the past 2 years (2017-2019). GF was calculated as Equation (1). G = P 2019 − P 2017 P 2017 (1) with P being the number of cumulative scientific publications containing the concept at one time.
Conclusions
On the basis of the analysis of 79,020 publications at the world, European, and European AA levels, our study aimed to give a relevant overview of microalgae research until 2019, an in-depth analysis of research concepts and collaborations, and a European perspective on emerging topics. Studied microalgae species were also analyzed in detail to highlight their associated concepts, the networks of researchers working in the field, and the potential of development for new applications or new species. The scientific research topics were essentially the same at the world, European, and AA levels, with the main research concepts corresponding to phytoplankton, community, bloom, diatoms, distribution, ecosystem, coastal, chlorophyll, zooplankton, photosynthesis, and primary production. Focusing at the European AA level in which the Interreg EnhanceMicroalgae project is positioned, the analysis of the 6989 publications revealed that the biofuel, drug, health, and bioremediation topics are more published than at the European average. The major publishers of these AA publications were located in the United Kingdom, France, and Spain, particularly in research poles of Southampton, Vigo, Plouzané, Lisbon, Brest, Nantes, and Plymouth. In contrast, compared to Europe, the AA produced less scientific publications in the field of microalgae-based high added-value molecules (1882 publications), suggesting a scope to extend in term of research, collaboration, and industrial development. The highest scientific trends and market opportunities were highlighted by identifying top emerging concepts such as bioplastics and biostimulants at the European level and agricultural, animal feed, and blue biotechnology at the European AA level. By focusing at the European scale, the most studied topics found in the 26,137 European publications were related to the environment, food, chemicals, pigments, protein, feed, and drugs. Analysis of international cooperation highlighted the strong links and partnerships with the United States, Canada, Norway, and Australia, but identified the possible development of new collaborations with most other countries. Within the European Union, France, Germany, and Spain dominated the scientific productivity, and the most studied and published species were Chlorella sp. and Scenesdesmus sp. A large number of microalgae and cyanobacteria species have received minimal attention, indicating a significant innovation potential for new molecules, new applications, and markets. Finally, this study provides an updated review of quantitative data at three different reading levels, and should allow microalgae stakeholders to guide their investments and projects for future research opportunities and cooperation in the field of microalgae research and bioeconomy.
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